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(54) Method pf preparing oxide superconducting bulk body 

(57) Provided is a method of preparing a large-sized 
oxide superconducting bulk body having mexcellent 
characteristics and high homogeneity. The method is 
adapted to prepare an oxide superconducting bulk 
body by melt growth through a seed crystal method, 
and comprises steps of preparing a precursor by 
press-molding material powder obtained by mixing 
REBa 2 Cu 3 0 7 . z powder with RE 2 BaCu0 5 or 
RE4Ba 2 Cu2O 10 powder and a platinum additive, 
homogeneously semi-melting the precursor by hold- 
ing the same at a holding temperature T^C 
(tj +20 <> T 1 <. t 1 +80 assuming that the melting 
point of the oxide superconducting bulk body is t^C) for 
a prescribed time, and crystal-growing the precursor at 
a temperature not more than the melting point t^C. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method of preparing an oxide superconducting bulk body, and more particularly, 
it relates to a method of preparing an oxide superconducting bulk body applied to a strong magnetic field magnet, a 
superconducting flywheel for storing energy, a superconducting carrying device, a superconducting bearing or the like, 
which is stably floated for use through the pinning characteristic of the oxide superconducting bulk body under a mag- 
netic field. 

Description of the Prior Art 

Among oxide superconductors, an RE123 superconductor such as a Y123 (YBa 2 Cu 3 0 7 _ z ) or Nd123 
( NdBa 2Cu 3 07_z) superconductor has an excellent pinning characteristic and becomes a superconductor having the 
performance of a magnet in a state capturing magnetic flux when cooled under a magnetic field. Further, such an oxide 
superconductor enters a normal conducting state from a superconducting state when its temperature is increased 
beyond the critical temperature. Thus, the oxide superconductor can be readily converted from a magnetic state to a 
non-magnetic or reverse state at need, to provide an industrial advantage. 

As to the chemical formulas of RE123 superconductors having oxygen contents varying with preparation condi- 
tions, the atomic ratio of oxygen is expressed as "7 - Z" throughout the specification. The value Z is within the range of 
0 £ Z £ 0.5 in general. 

In general, a method of preparing an oxide superconducting bulk body of such a Y123 or Nd123 superconductor is 
carried out by heating a previously press-molded precursor in an oxide superconducting bulk preparation apparatus 
and holding the same at a temperature converting the RE123 (REBagCusOyz) superconductor to a liquid phase while 
not converting an RE21 1 (RE 2 BaCu 3 0 5 ) or RE422 (RE4Ba 2 Cu30 10 ) superconductor to a liquid phase, i.e.. keeping the 
same in a solid phase as the maximum temperature. This state, including liquid and solid phases, is referred to as a 
semi-melted or partially melted state. 

For example, Japanese Patent Laying-Open No. 8-1 33726 (1 996) discloses a method of preparing an oxide super- 
conducting material comprising steps of heating a precursor to a temperature range of 950 to 1350°C as a heat treat- 
ment for bringing the precursor into a semi-melted state and thereafter cooling the semi-melted precursor for 
crystallizing the same. 

On the other hand, another literature (Physica C250, 1995, pp. 222 to 226) discloses a method of holding a press- 
molded pellet of 20 mm in diameter and 10 mm in thickness at 1070°C for 0.5 hours thereby leaving no solid-phase 
RE123 semiconductor in a later step. 

In practice, an oxide superconducting bulk body must be large-sized to some extent. It has been clarified through 
electromagnetic calculation that a combination of a plurality of small bulk bodies cannot attain the performance of a 
large-sized bulk body. 

In practical use, therefore, it is indispensable to prepare an oxide superconducting bulk body having a certain 
measure of size. If the thickness of the bulk body is too large, however, the captured magnetic field is saturated. In order 
to increase the captured magnetic field, therefore, it is necessary to prepare a bulk body having a large plane size. 

If such a large-sized oxide superconducting bulk body is prepared under conditions similar to those generally 
employed for preparing a relatively small-sized bulk body, however, desired characteristics cannot be attained. 

SUMMARY OF THE INVENTION 

In order to solve the aforementioned problems, an object of the present invention is to provide a method of prepar- 
ing a large-sized oxide superconducting bulk body having excellent characteristics and high homogeneity. 

The inventors have made a series of experiments in order to attain the aforementioned object, to find out that a pre- 
cursor is not homogeneously semi-melted under general conditions for preparing a relatively large-sized bulk body, due 
to an insufficient holding time for semi-melting a large precursor. 

The inventors held precursors for Sm oxide superconductors each having a diameter of 37 mm and a thickness of 
21 mm under a 1% oxygen atmosphere at a temperature higher than the melting point by 60°C for prescribed times for 
semi-melting the same and thereafter quenched the precursors, for observing sections of the obtained samples. As a 
result, a horizontally elliptic separation phase was observed when the precursor was held for a short holding time of 0.5 
hours, while no separation phase was observed when held for a long holding time of two hours. 

Then, the inventors cooled the samples passed through the semi-melting step in the aforementioned manner for 
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making crystal growth and preparing oxide superconducting bulk bodies. As a result, the superconducting bulk body 
prepared from the sample held for a long time to present no separation phase exhibited a homogeneous section with 
no separation phase. On the other hand, the inventors carefully polished a section of the superconducting bulk body 
prepared from the sample held for a short time to present a separation phase and observed the same, to find out that 

5 the section was separated into two phases. Further, the critical current density of this sample was heterogeneous. 

It has been proved from these experimental results that the precursor is so heterogeneously semi-melted that the 
characteristics in the interior of the bulk body are dispersed after crystal growth if the holding time for semi-melting the 
precursor is insufficient. It has also been proved that, if the precursor is insufficiently semi-melted, the RE123 phase is 
partially left in an undissolved state and serves as a nucleus starting crystal growth, to disadvantageously resujt in poly- 

10 crystallization. 

The precursor may be held at a high temperature less than a level allowing no liquefaction of the RE21 1 or RE422 
phase for a long time, in order to semi-melting the precursor. In case of holding the precursor at a high temperature for 
a long time, however, this may result in the following disadvantages: 

First, the viscosity of the liquid phase is reduced as the temperature is increased, such that the liquid phase com- 

is ponent flows out to deform the precursor, and pores may be formed in the interior even if the precursor is held for a short 
time. Further, the precursor readily reacts with a member receiving the same as the temperature is increased. 

On the other hand, the precursor may be held at a temperature slightly higher than the melting point of the RE123 
phase for a long time. In this case, however, grain growth of the RE21 1 or RE422 phase takes place to cause a disad- 
vantage in holding of the liquid phase component, which in turn may flow out. Further, roughening of RE21 1 or RE422 

20 grains forming the second phase causes reduction of the superconductivity. Platinum (or platinum oxide) may be intro- 
duced by 0.3 to 0.5 % in weight percentage, in order to suppress roughening of the crystal grains of the RE21 1 or 
RE422 phase. In case of holding the precursor at the temperature slightly higher than the melting point for a long time, 
however, it is difficult to suppress roughening of the crystal grains. 

Thus, it is understood desirable to semi -melt the precursor for the minimum time. 

25 In consideration of the aforementioned points, a method of preparing an oxide superconducting bulk body is pro- 

vided in accordance with an aspect of the present invention. This method, which is adapted to prepare an oxide super- 
conducting bulk body by melt growth through a seed crystal method, comprises steps of preparing a precursor by 
press-molding material powder obtained by mixing RE123 powder with RE21 1 or RE422 powder and powder of a plat- 
inum compound, homogeneously semi-melting the precursor by holding the same at a holding temperature 

30 T 1 °C(t 1 +20^T 1 ^t 1 +80 assuming that the melting point of the oxide superconducting bulk body is t-j °C) for a 
prescribed time, and crystal-growing the precursor at a temperature not more than the melting point VC. 

According to another aspect of the present invention, a method of preparing an oxide superconducting bulk body 
is provided. This method, which is adapted to prepare an oxide superconducting bulk body by melt growth through a 
seed crystal method, comprises steps of preparing a precursor by press-molding material powder obtained by mixing 

35 RE123 powder with RE21 1 or RE422 powder and powder of a platinum compound, homogeneously semi-melting the 
precursor by holding the same at a holding temperature T 1 °C (t 1 + 20 T 1 <. 1 1 +80 assuming that the melting point 
of the oxide superconducting bulk body is t^C) for a prescribed time, cooling the semi-melted precursor to aiempera- 
ture T 2 °C (tj ^ T 2 ^ t 1 + 20), setting a seed crystal on the precursor cooled to the temperature T 2 °C, and crystal-growing 
the precursor at a temperature not more than the melting point t^C. If the melting point of the seed crystal is sufficiently 

40 high, the seed crystal may be set before the heating. 

According to the present invention, crystal growth is preferentially made from the seed crystal at the temperature 
not more than the melting point t^°C. Therefore, an oxide superconducting bulk body having a single-domain structure 
can be prepared according to the inventive method. 

According to the present invention, further, the precursor is homogeneously semi-melted and thereafter cooled to 

45 the temperature T 2 °C, so that the seed crystal is thereafter set on the precursor. In this case, the seed crystal is not 
entirely melted in a short time but only partially dissolved at the temperature T 2 °C. Therefore, adhesion between the 
seed crystal and the surface of the precursor is so improved that the seed crystal reliably acts on the crystal growth. 

In the present invention, the seed crystal is preferably prepared from a single crystal or a single-domain crystal of 
a material identical to that for the oxide superconducting bulk body, an oxide superconducting material having a higher 

so melting point, or a material having a close lattice constant (not more than 1 0 .%) and a sufficiently high melting point. 

According to still another aspect of the present invention, a method of preparing an oxide superconducting bulk 
body is provided. This method, which is adapted to prepare an oxide superconducting bulk body by melt growth through 
a seed crystal method, comprises steps of preparing a precursor by press-molding material powder obtained by mixing 
RE 123 powder with RE21 1 or RE422 powder and powder of a platinum compound, homogeneously semi-melting the 

55 precursor by holding the same at a holding temperature T t °C (t ^ + 20 <> T A <>\ A +80 assuming that the melting point 
of the oxide superconducting bulk body is t^C) for a prescribed time, cooling the semi-melted precursor to a tempera- 
ture not more than the melting point VC for solidifying the same, setting a seed crystal having a melting point t 2 °C 
higher than the melting point VC of the oxide superconducting bulk body on the solidified precursor, melting the pre- 
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cursor at a temperature of at least t^C and not more than t 2 °C, and crystal -growing the melted precursor at a temper- 
ature not more than the melting point VC. 

The present invention is applied to such case that the melting point of the seed crystal is higher than that of the 
oxide superconducting bulk body. According to the present invention, the seed crystal can be set on the precursor tem- 
5 porarily cooled and solidified, whereby workability is improved as compared with the case of setting the seed crystal on 
a precursor of a high-temperature state. 

According to the present invention, preferable relations between the holding temperature and the time in the step 
of homogeneously semi-melting the precursor are as follows: 

10 When the holding temperature T-, (°C) is equal to ^ + 20, the holding time X (hour) satisfies X ^ (d+ 2.3)/4, assum- 
ing that d represents the thickness of the precursor. 

When the holding temperature T A (°C) is equal to tj + 40, the holding time X (hour) satisfies X ^ (d - 0.3)/6.8, 
assuming that d represents the -thickness of the precursor. 

When the holding temperature T 1 (°C) is equal to ^ + 60, the holding time X (hour) satisfies X £ (d - 0.5)/13.2, 
15 assuming that d represents the thickness of the precursor. 

When the holding temperature (°C) is equal to t, + 80, the holding time X (hour) satisfies X £ (d - 2)/20, assuming 
that d represents the thickness of the precursor. 



In the present invention, an RE semiconductor (a single or mixed system of Nd, Sm, Eu, Gd, Dy, Y, Ho and/or Er) 
20 is preferably employed as the material for the oxide superconducting bulk body. 

The melting points of these materials under oxygen partial pressure of 10~ 2 atm. are as follows: 



Table 1 



Oxide 


Melting Point 


Superconducti 


(Decomposition 


ng Material 


Temperature) 




rci 


Nd 


1035 


Sm 


1023 


Eu 


1016 


Gd 


1006 


Dy 


978 


Y 


974 


Ho 


968 


Er 


954 



The present invention is directed to a large-sized oxide superconducting bulk body of at least 50 mm in diameter or 
45 length of one side and at least about 10 mm in thickness. 

The material for the oxide superconducting bulk body prepared in the present invention is obtained by mixing 
REBa 2 Cu 3 0 7 _ 2 (RE123) with RE 2 BaCu0 5 (Re211) or RE 4 Ba2Cu2O 10 (RE422), and the molar ratio of the RE211 or 
RE422 phase to the RE123 phase is preferably at least 0.05 and not more than 0.5. 

The RE21 1 or RE422 phase is mixed into the RE1 23 phase for the following reasons: 
so First, the RE21 1 or RE422 phase which is a normal conducting phase is intentionally added to the RE123 phase 

for serving as a pinning center under a low magnetic field, whereby the critical current density can be increased under 
the low magnetic field. Second, the RE21 1 or RE422 phase, which remains solid at the temperature for semi-melting 
the precursor, can hold the shape of the precursor for inhibiting the RE 123 component converted to a liquid phase from 
flowing out to the exterior. Third, microcracks can be caused due to the difference between the thermal expansion coef- 
55 ficients of the RE123 component and the RE21 1 or RE422 component, for increasing macro-strength as well as the 
oxygen diffusion rate. 

♦ If the molar ratio of the RE21 1 or RE422 phase is too small, neither the effect of inhibiting the RE123 component 
from flowing out nor the effect of increasing the oxygen diffusion rate due to the difference between the thermal expan- 
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sion coefficients can be sufficiently attained. If the molar ratio of the RE21 1 or RE422 phase is too high, on the other 
hand, the effect of improving the critical current density cannot be sufficiently attained while the ratio of the RE 1 23 com- 
ponent is reduced, to disadvantageous^ reduce the ratio of the superconductor. 

According to the present invention, as hereinabove described, the structure of an RE oxide superconducting bulk 
5 body prepared under low oxygen partial pressure can be controlled for preparing a large-sized bulk body having high 
homogeneity. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing an oxide superconducting bulk body obtained by crystal growth; 
Fig. 2 is a sectional view taken along the line ll-ll in Fig. 1 ; and 
is Fig. 3 illustrates the relations between the sums of distances between upper surfaces of samples and boundary 
lines of separation phases and those between lower surfaces and the boundary lines of the separation phases and 
holding times. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

Powder materials having a composition of Snr^ 8 Ba 2 4 Cu 3 4 O y with addition of 0.5 wt.% of platinum powder were 
molded in a press uniaxial direction, and pressure of 2000 atm. was isotropically supplied with a CIP (cold isostatical 
press), to obtain precursors of 40 mm in diameter and 21 mm in thickness. The precursors were heated in an electric 
furnace which was fed with mixed gas (argon/oxygen) having an oxygen concentration of 1 %, and held under low oxy- 
25 gen partial pressure (oxygen: 1 %) at maximum temperatures higher than the melting point by 20°C, 40°C, 60°C and 
80°C respectively for times shown in Tables 2 to 5. 

Thereafter the furnace was brought into a power-off state for furnace-cooling the precursors. The obtained samples 
were taken out from the furnace and perpendicularly cut for investigation of the sections. The samples included those 
separated into two phases and those remained in unseparated states at the respective holding temperatures in accord- 
30 ance with the holding times. 

Tables 2 to 5 show the obtained results. Tables 2, 3, 4 and 5 show the results of the samples held at the melting 
point + 20°C, the melting point + 40°C, the melting point + 60°C and the melting point + 80°C respectively. 
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Table 2 



J-XlSlUUlg 

Temperature x 
Holding Time 


upper 
Distance 
(mm) 


Lower 
Distance 
(mm) 


Distance 
from Side 
Surface 


from Side 
Surface 
ttt.*Knt.mm) 


Weight After 
Holding 
(%) 


1043°CxOh 


0 


0 


0 


0 


0.99276 


1043°C x lh 


2.0 


0 


2.0 


2.0 


0.98126 


1043°C x i.5h 


2.8 


1.0 


3.0 


2.7 


0.98048 


1043°C x 2h 


3.5 


1.3 


4.0 


4.0 


0.97500 


1043°Cx3h 


5.5 


3.5 


8.0 


8.0 


0.97630 


1043°C x 4h 


un.se para ted 


unseparated 


unseparated 


unseparated 


0.97641 



Table 3 



Holding 
Temperature x 
Holding Time 


Upper 
Distance 
(mm) 


Lower 
Distance 
(mm) 


Distance 
from Side 

Surface 
(Leftimm) 


Distance 
from Side 
Surface 
(Right:mm) 


Weight After 
Holding 
(%) 


1063°C x Oh 


0.8 


0 


0.5 


0.5 


0.98941 


1063°Cx0.5h 


2.7 


0.8 


2.8 


2.8 


0.98151 


1063°C x 0.75h 


3.8 


2.0 


4.0 


4.0 


0.98033 


1063°C x lh 


4.5 


2.5 


5.0 


5.0 


0.97876 


1063°Cxi.5h 


6.9 


4.0 


9.0 


9.0 


0.97821 


1063°Cx2h 


unseparated 


unseparated 


unseparated 


unseparated 


0. 97647 | 
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Table 4 



Holding 

1 tJIUpeidLUIc X 

Holding Time 


Upper 
(mm) 


Lower 
(mm) 


Distance 
from Side 

Surface 
(Left: mm) 


Distance 
from Side 
Surface 
(Rip:ht:mm) 


Weight After . 
Holding 

(%) 


1083°Cx0h 


1.0 


0 


1.0 


1.0 


0.98177 


1083°Cx0.25h 


3.0 


1.5 


3.3 


3.0 


0.98195 


1083°Cx0.5h 


4.5 


2.5 


5.3 


5.3 


0.97989 


1083°C x 0.75h 


6.45 


4.0 


8.5 


8.5 


0.97899 


1083°C x lh 


unseparated 


unseparated 


unseparated 


unseparated 


0.97652 



Table 5 



Holding 
Temperature x 
Holding Time 


Upper 
Distance 
(mm) 


Lower 
Distance 
(mm) 


Distance 
from Side 
Surface 
(Left:mm) 


Distance 
from Side 
Surface 
(Right: mm) 


Weight After 
Holding 

(%) 


1103°Cx0h 


2.0 


0.5 


2.5 


2.5 


0.98024 


1103°Cx0.25h 


4.7 


2.5 


5.0 


5.0 


0.97994 


1103°Cx0.383h 


5.2 


3.5 


6.5 


6.5 


0.97802 


1103°Cx0.5h 


7.0 


5.5 


11 


11 


0.97862- 


1103°Cxih 


unseparated 


unseparated 


unseparated 


unseparated 


0.97693. 



The relations between the sums of the distances between upper surfaces of the samples and boundary lines of 
separation phases and those between lower surfaces and the boundary lines of the separation phases are plotted in 
Fig. 3. These relations were substantially linear at the respective temperatures. The times necessary for semi-melting 
the precursor at the respective holding temperatures in the present invention were derivable from these results. 

More concrete Examples of the present invention are now described. 

(Example 1) 

Powder prepared by adding 0.5 wt.% of platinum powder to powder composed of HE^ 8 Ba 2t 4Cu 3 4 O y (RE = Nd, 
Sm, Eu, Gd, Dy, Y, Ho and/or Er) and mixing these powder materials with each other was molded in a press uniaxial 
direction, and pressure of 2000 atm. was isotropically supplied with a CIP, to obtain precursors of 55 mm in diameter 
and 23 mm in thickness. The obtained precursors were heated in an electric furnace which was fed with mixed gas 
(argon/oxygen) having an oxygen concentration of 1 %, and held under low oxygen partial pressure of 10~ 2 atm. (oxy- 
gen: 1 %) at maximum temperatures higher than the melting point by 5T°C for times shown in Table 6. 

Thereafter the furnace was brought into a power-off state for furnace-cooling the precursors. The samples taken 
out from the furnace were 50 mm in diameter and 20 mm in thickness, with slight dispersion (±1 mm). The samples 
were perpendicularly cut and the sections thereof were investigated. It was confirmed that all samples were homoge- 
neous with no portions separated into two phases. 
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Table 6 



o ample 


6T 


Holding 




( C) 


lime (n; 


1 
1 


on 


6.5 


o 


/in" 


o 
O 


o 


/in 


b-5 


4 


60 


1 


5 


60 


3 


6 


60 


6.5 


7 


80 


1 


8 


80 


1.5 


9 


80 


3 


10 


80 


6.5 



(Example 2) 

25 In relation to an Sm oxide superconducting material, a precursor was held under low oxygen partial pressure of 10' 
atm. (oxygen: 1 %) at the maximum temperature of 1 103°C (melting point 1 023°C + 80°C) for one hour through a step 
identical to that in Example 1 to be semi-melted, and thereafter the temperature of an upper portion of the sample was 
reduced to 1023°C while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high 
temperature, for making crystal growth at a cooling rate of 0.5'C/h. Before the heating, a seed crystal of MgO (100) was 
30 set on the center of a surface of this precursor. 

Fig. 1 is a perspective view showing an oxide superconducting bulk body 1 obtained by the crystal growth and Fiq 
2 is a sectional view taken along the line ll-ll in Fig. 1 . 

After completion of the crystal growth, the oxide superconducting bulk body 1 was heat-treated in an oxygen atmos- 
phere at 300°C for 200 hours, taken out from the furnace and cut for measurement of field characteristics of respective 
35 portions A to E shown in Fig. 2 with a SQUID (superconducting quantum interference device). 

Tables 7 and 8 show the results. Table 7 shows critical current densities Jc (A/cm 2 ) at 77 K and 0 T and Table 8 
shows critical current densities Jc (A/cm 2 ) at 77 K and 2 T 
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Table 7 



Portion 


Jc(A/cm 2 ) 


A 


3.5 x 10 4 


B 


3.4 x 10 4 


C 


3.5 x 10 4 


D 


3.2 x 10 4 


E 


3.4 xlO 4 



(77K, OT) 



'5 Table 8 



Portion 


Jc(A/cm 2 ) 


A 


2.3 x 10 4 


B 


2.4 x 10 4 


C 


2.4 xlO 4 


D 


2.2 x 10 4 


E 


2.3 x 10 4 



25 (77K, 2T) 



30 (Example 3) 

In relation to an Nd oxide superconducting material, a precursor was held under low oxygen partial pressure of 10" 
2 atm. (oxygen: 1 %) at the maximum temperature of 1 1 1 5°C (melting point 1 035°C + 80°C) for one hour through a step 
identical to that in Example 1 to be semi-melted, and thereafter the temperature of an upper portion of the sarnple was 
35 reduced to 1035°C while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high 
temperature, for making crystal growth at a cooling rate of 0.5°C/h. Before the heating, a seed crystal of MgQj(100) was 
set on the center of a surface of this precursor. 

After completion of the crystal growth, the obtained oxide superconducting bulk body was heat-treated in an oxygen 
atmosphere at 300°C fqr 200 hours, taken out from the furnace and cut for measurement of field characteristics of the 
40 respective portions A to E shown in Fig. 2 with a SQUID. 

Tables 9 and 10 show the results. Table 9 shows critical current densities Jc (A/cm 2 ) at 77 K and 0 T, and Table 10 
shows critical current densities Jc (A/cm 2 ) at 77 K and 2 T. 
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Table 9 



Portion 


Jc(A/cm 2 ) 


A 


3.8 x io^ 


^ B 


3.7 x 10* 


C 


3.7 x i0-« 


D 


3.6 x l(H 


E 


1 3.8 x io-» 


(77K, OT) 

Table 10 


Portion 


Jc(A/cm 2 ) 


A 


2.5 x 10J 


B 


2.6 x 10 J 


C 


2.7 x i(H 


D 


2.5 x iO-« 


E 


2.7 x 10 4 


(77K, 2T) 



35 



40 



30 (Example 4) 

2 J" J 618 *' 0 " t0 an Sm 0xide s^'conducting material, a precursor was held under low oxygen partial pressure of 1 0" 
atm. (oxygen: 1 %) at the maximum temperature of 1 103'C (melting point 1023»C + 80«C) for one hour through a step 

SuS to Sr i 9 ? 6 l semi : me,ted - TTiereafter temperature of an upper portion of the sample was 
reduced to 1043 C while vertically supplymg a temperature gradient of 7.5°C/cm so that a lower portion was at a high 
mT er !l U I! sm 9'e-domain crystal cut out from an Sm123 oxide superconducting bulk body similarly prepared by a 

^* Tr2 W3S S f °" ?° C6nter ° f 3 8urtace ° f the sample as a seed cr * stal ' and held for 30 ™™tes. Thereafter the 
temperature was reduced to 1023°C and crystal growth was made at a rate of 0.5°C/h. 

♦h ♦ ? yStal 9rOW,h • the obtained oxide superconducting bulk body was taken out from the furnace, to confirm 

^v° r ^ Z aS 9rOWn in 3 faCeted mamer at equal an9les 01 90 °- Tne Wk ^ cut in Parallel with its surface, 
to confirm that the cut-out plane was the cleavage plane. The sample was cooled in a magnetic field, which in turn was 
removed for measuring the remaining captured magnetic field distribution with a Hall element. The magnetic flux distri- 
bution drew a circular contour line and exhibited a single peak. 

45 (Example 5) 

In relation to an Sm oxide superconducting material, a precursor was held under low oxygen partial pressure of 1 0" 
atm. (oxygen: 1 %) at the maximum temperature of 1083»C (melting point 1023°C + 60»C) for 1.S hours through a step 
° **? ,n ExamD,e 1 to be semi-melted. Then, the temperature of an upper portion of the sample was reduced 
o 1028 C while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high tempera- 
te* A s,n 9' e - <,oma ' n CrySt£U CUt 0Ut fr ° m an Sm123 oxide superconducting bulk body similarly prepared by a melt 
method was set on the center of a surface of the sample as a seed crystal, and held for two hours. Thereafter the tem- 
perature was reduced to 1 023"C and crystal growth was made at a rate of 0.5°C/h 

♦k ♦ £ fter th ! V** 9rOWth • the obtained oxide superconducting bulk body was taken out from the furnace, to confirm 
^tm^r S 9 I OW ? '? 3 ,aC6ted manner at equal 309168 of ™ e bulk bod * was cut in Para»el with its surface. 
£™ £ P S W3S the CleaV89e P" 3 " 6 - The was cooled in a magnetic field, which in turn was 

removed for measuring the remaining captured magnetic field distribution with a Hall element. The magnetic flux distri- 
bution drew a circular contour line and exhibited a single peak. 
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(Example 6) 

In relation to an Sm oxide superconducting material, a precursor was held under low oxygen partial pressure of 10" 
2 atm. (oxygen: 1 %) at the maximum temperature of 1 083°C (melting point 1 023°C + 60°C) for 1 .5 hours through a step 
identical to that in Example 1 to be semi-melted. The precursor was quenched by furnace cooling to reach the room 
temperature, and thereafter a single-domain crystal cut out from an Nd123 oxide superconducting bulk body prepared 
by a melt method was set on the center of a surface of the sample as a seed crystal. Then, the temperature was 
increased to 1 043°C, and held for one hour. Thereafter the temperature of an upper portion of the sample was reduced 
to 1023°C while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high tempera- 
ture, for making crystal growth at a rate of 0.5°C/h. 

After the crystal growth, the obtained oxide superconducting bulk body was taken out from the furnace, to confirm 
that the crystal was grown in a faceted manner at equal angles of 90°. The bulk body was cut in parallel with its surface, 
to confirm that the cut-out plane was the cleavage plane. The sample was cooled in a magnetic field, which in turn was 
removed for measuring the remaining captured magnetic field distribution with a Hall element. The magnetic flux distri- 
bution drew a circular contour line and exhibited a single peak. 

(Comparative Example 1) 

Powder composed of REt 8 Ba 2 .4Cu 3 4 O y (RE = Nd, Sm, Eu, Gd, Dy, Y, Ho and/or Er) was molded in a press uniax- 
ial direction, and pressure of 2000 atm. was isotropically supplied with a CIP, to obtain precursors of 55 mm in diameter 
and 23 mm in thickness. The obtained precursors were heated in an electric furnace which was fed with mixed gas 
(argon/oxygen) having an oxygen concentration of 1 %, and held under low oxygen partial pressure of 10" 2 atm. (oxy- 
gen: 1 %) at maximum temperatures higher than the melting point by 6T°C for times shown in Table 1 1 . 

Thereafter the furnace was brought into a power-off state for furnace-cooling the precursors. The samples taken 
out from the furnace were 50 mm in diameter and 20 mm in thickness, with slight dispersion (±1 mm). The samples 
were perpendicularly cut and the sections thereof were investigated. Sections of all samples semi-melted at the tem- 
peratures higher than the melting point by 20°C, 40°C, 60°C and 80°C were separated into two phases. In all samples 
semi-melted at the temperatures higher than the melting point by 100°C and 120°C. on the other hand, pores were 
observed on the sections. 
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Table 11 



No. 


01 


Holding 
lime (h) 




OA 


0.5 i 


o 


oa 


1 


o 




1.5 


A 


OA 

20 


3 


O 


20 


5.2 


a 

D 


40 


0.5 


7 

4 


/f A 
40 


1 


ft 


A A 

40 


2.5 


Q 


oU 


0.5 


10 


fin 


1.3 


ii 




A C 

0.5 


12 


i nn 


a er 

0.5 


13 


i nn 


i 


14 


i nn 


1.5 


15 


100 


3 


16 


100 


6.5 


17 


120 


0.5 


18 


120 


1 


19 


120 


1.5 


20 


120 


3 


21 


120 


6.5 



40 



45 



(Comparative Example 2) 



Wwere^et on the ^SIS °' ^ ^ ^ — C ^' S °< M *° 

were mpSSS^Sl^ ^ P °" Shed " WaS Confirmab,e th * *e «*» of all samples 
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(Comparative Example 3) 



2 atm^oen'l S!!^ SUperC f nductin 9 «*rW. a precursor was held under low oxygen partial pressure of 10" 
atm. (oxygen. 1 %) at the maximum temperature of 1 103°C (meHina Doint 1 Q2VC a. ftn°r\ tZ n * »J Pressure or l o 
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The respective portions A to E shown in Fig. 2 were heat-treated with a SQUID in an oxygen atmosphere at 300°C 
for 200 hours, for investigation of the magnetic field characteristics of the sample. 

Tables 12 and 13 show the results. Table 12 shows critical current densities Jc (A/cm 2 ) at 77 K and 0 T, and Table 
13 shows critical current densities Jc (A/cm 2 ) at 77 K and 2 T. 

5 



Table 12 



Portion 


Jc(A/cm 2 ) 


A 


3.7 x 10 4 


B 


3.4 x 10 4 


C 


3.0 x 10 4 


D 


3.5 x 10 4 


E 


3.3 x 10 4 




(77K, 0T) 


Table 13 




Portion 


Jc(A/cm2) 


A 


1.9 xlO 4 


B 


1.8 x 10 4 


C 


1.5 x 10 4 


D 


1.3 x 10 4 


E 


1.5 x 10 4 


(77K, 2T) 
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(Comparative Example 4) 

35 

In relation to an Sm oxide superconducting material, a precursor was held under low oxygen partial pressure of 10" 
2 atm. (oxygen: 1 %) at the maximum temperature of 1 1 03°C (melting point 1 023°C + 80°C) for 1 .5 hours through a step 
identical to that in Example 4 to be semi-melted. Then, the temperature of an upper portion of the sample was reduced 
to 1043°C while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high tempera- 
40 ture. A single-domain crystal cut out from an Sm123 oxide superconducting bulk body similarly prepared by a melt 
method was set on the center of a surface of the sample as a seed crystal, and held for 3 hours. Thereafter the temper- 
ature was reduced to 1023°C and crystal growth was made at a rate of 0.5°C/h. 

After the crystal growth, the sample was taken out from the furnace. It was observed that the seed crystal was dis- 
solved and no crystal was grown in a faceted manner. 

45 

(Comparative Example 5) 

In relation to an Sm oxide superconducting material, a precursor was held under low oxygen partial pressure of 10" 
2 atm. (oxygen: 1 %) at the maximum temperature of 1083°C (melting point 1023°C + 60°C) for 0.5 hours through a step 
so identical to that in Example 6 to be semi-melted. The precursor was quenched by furnace cooling to reach the room 
temperature, and a single-domain crystal cut out from an Nd123 oxide superconducting bulk body prepared by a melt 
method was set on the center of a surface of the sample as a seed crystal. Then, the temperature was increased to 
1043°C, and held for one hour. Thereafter the temperature of an upper portion of the sample was reduced to 1023°C 
while vertically supplying a temperature gradient of 7.5°C/cm so that a lower portion was at a high temperature, for mak- 
55 ing crystal growth at a rate of 0.5°C/h. 

After the crystal growth, the obtained oxide superconducting bulk body was taken out from the furnace, to confirm 
• that the crystal was grown in a faceted manner at equal angles of 90°. The bulk body was cut in parallel with its surface, 
to confirm that the cut-out plane was the cleavage plane, while a portion around the center was not dense but exhibited 
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cracks. 

Although the present invention has been described and illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended claims. 

Claims 

1 " prSngJeS of^'" 9 ° Xlde superconductin 9 bulk bod V b * me,t growth through a seed crystal method, corn- 



preparing a precursor by press-molding material powder obtained by mixing REBa 2 Cu 3 0 7 2 powder with 
KE 2 BaCu0 5 or RE 4 Ba2Cu2O 10 powder and a platinum additive; 

homogeneously semi-melting said precursor by holding the same at a holding temperature 

J^?S 1 + * 1 * 1 1 + 80 assum,n 9 that the melting point of said oxide superconducting bulk body is 
15 t^C) for a prescribed time; and 

crystal-growing said precursor at a temperature not more than said melting point t^C. 
2. The method of preparing an oxide superconducting bulk body in accordance with claim 1 , wherein 



20 



25 



said holding temperature T, (°C) is equal to t n + 20, and 

a holding time X (hour) satisfies X ;> (d + 2.3)/4 assuming that d represents the thickness of said precursor in 
said step of homogeneously semi-melting said precursor. 

3. The method of preparing an oxide superconducting bulk body in accordance with claim 1 , wherein 

said holding temperature T t (°C) is equal to t 1 + 40, and 

a holding time X (hour) satisfies X * (d - 0.3J/6.8 assuming that d represents the thickness of said precursor in 
said step of homogeneously semi-melting said precursor. 

30 4. The method of preparing an oxide superconducting bulk body in accordance with claim 1 , wherein 
said holding temperature T 1 (°C) is equal to X, + 60, and 

a holding time X (hour) satisfies X * <d - 0.5)/13.2 assuming that d represents the thickness of said precursor 
in said step of homogeneously semi-melting said precursor. 
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40 



The method of preparing an oxide superconducting bulk body in accordance with claim 1 , wherein 
said holding temperature T ? (°C) is equal to t 1 + 80, and 

a holding time X (hour) satisfies X ^ (d - 2)/20 assuming that d represents the thickness of said precursor in 
said step of homogeneously semi-melting said precursor. 

6. The method of preparing an oxide superconducting bulk body in accordance with claim 1, wherein said oxide 
superconducting bulk body is of an RE system (a single or mixed system of Nd, Sm, Eu. Gd, Dy, Y, Ho and/or Er). 

45 7. A method of preparing an oxide superconducting bulk body by melt growth through a seed crystal method com- 
prising steps of: 

preparing a precursor by press-molding material powder obtained by mixing REBa^O^ powder with 
RE 2 BaCu0 5 or RE4Ba 2 Cu2O 10 powder and a platinum additive; 

homogeneously semi-melting said precursor by holding the same at a holding temperature 
T 1 1 C (t 1 + 20 <: T 1 <; t 7 + 80 assuming that the melting point of said oxide superconducting bulk body is 
t 1 °C) for a prescribed time; 

cooling said semi-melted precursor to a temperature T 2 °C (\ A <: T 2 <. t n + 20); 
setting a seed crystal on said precursor cooled to said temperature T 2 °C; and 
crystal-growing said precursor at a temperature not more than said melting point t 1 °C. 

8. The method of preparing an oxide superconducting bulk body in accordance with claim 7, wherein 
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said holding temperature (°C) is equal to t 1 + 20, and 

a holding time X (hour) satisfies X ^ (d + 2.3)/4 assuming that d represents the thickness of said precursor in 
said step of homogeneously semi-melting said precursor. 

s 9. The method of preparing an oxide superconducting bulk body in accordance with claim 7, wherein 

said holding temperature Tj (°C) is equal to \<\ + 40, and 

a holding time X (hour) satisfies X £ (d - 0.3)/6.8 assuming that d represents the thickness of said precursor m 
said step of homogeneously semi-melting said precursor. 



10 



40 



10. The method of preparing an oxide superconducting bulk body in accordance with claim 7, wherein 



said holding temperature Ti (°C) is equal to t 1 + 60, and 

a holding time X (hour) satisfies X ^ (d - 0.5)/13.2 assuming that d represents the thickness of said precursor 
15 in said step of homogeneously semi-melting said precursor. 

11. The method of preparing an oxide superconducting bulk body in accordance with claim 7, wherein 

said holding temperature T 1 (°C) is equal to t 1 + 80, and 
20 a holding time X (hour) satisfies X £ (d - 2)/20 assuming that d represents the thickness of said precursor in 

said step of homogeneously semi-melting said precursor. 

12. The method of preparing an oxide superconducting bulk body in accordance with claim 7, wherein said oxide 
superconducting bulk body is of an RE system (a single or mixed system of Nd, Sm, Eu, Gd, Dy, Y, Ho and/or Er). 

25 

13. A method of preparing an oxide superconducting bulk body by melt growth through a seed crystaPmethod, com- 
prising steps of: 

preparing a precursor by press-molding material powder obtained by mixing REBa 2 Cu 3 07_ z powder with 
30 RE 2 BaCu0 5 or RE4Ba 2 Cu2O 10 powder and a platinum additive; 

homogeneously semi-melting said precursor by holding the same at a holding temperature 
T (t t + 20 £ T n <> t ! + 80 assuming that the melting point of said oxide superconducting bulk body is 
^ °C) for a prescribed time; 

cooling said semi-melted precursor to a temperature of not more than said melting temperature t^C and solid- 
35 ifying the same; 

setting a seed crystal having a melting point t 2 °C higher than said melting point VC of said oxide supercon- 
ducting bulk body on said solidified precursor; 

melting said precursor at a temperature of at least tj°C and not more than t 2 °C; and 
crystal-growing said melted precursor at a temperature not more than said melting point t^C. 



14. The method of preparing an oxide superconducting bulk body in accordance with claim 13, wherein 



said holding temperature Tj (°C) is equal to t 1 + 20, and 

a holding time X (hour) satisfies X ^ (d + 2.3)/4 assuming that d represents the thickness of said precursor in 
45 said step of homogeneously semi-melting said precursor. 

15. The method of preparing an oxide superconducting bulk body in accordance with claim 13, wherein 

said holding temperature (°C) is equal to ^ + 40, and 
so a holding time X (hour) satisfies X 2> (d - 0.3)/6.8 assuming that d represents the thickness of said precursor in 

said step of homogeneously semi-melting said precursor. 

16. The method of preparing an oxide superconducting bulk body in accordance with claim 13, wherein 

55 said holding temperature (°C) is equal to t 1 + 60. and 

a holding time X (hour) satisfies X £ (d - 0.5)/13.2 assuming that d represents the thickness of said precursor 
in said step of homogeneously semi-melting said precursor. 
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17. The method of preparing an oxide superconducting bulk body in accordance with claim 13, wherein 

said holding temperature T 1 (°C) is equal to tj + 80, and 

a holding time X (hour) satisfies X ^ (d - 2)/20 assuming that d represents the thickness of said precursor in 
s said step of homogeneously semi-melting said precursor. 

18. The method of preparing an oxide superconducting bulk body in accordance with claim 13, wherein said oxide 
superconducting bulk body is of an RE system (a single or mixed system of Nd, Sm, Eu, Gd, Dy, Y, Ho and/or Er). 

10 
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FIG. 3 



20 
16 



12 

SUM OF 

SEMI-MELTED 

DISTANCE 

(mm) 8 



4 
0 



i 4-i.jj_.i_j_ 


■ i i 








LJLiJLJLlJCr 


i r ] i i 

• 
■ 

— A 


J. U-LJ JLIX 

1043*C !- 
1063^ !' 

1083*0 L 

U03X: 1- 


1. ♦ 




♦ 


♦ 1 


A 




■ 




• 


i 1 


■ 


■ 




4 


► 








• 


• 

: 










:i . . . , i , 




i , . 


' 1 1 ' ' 


x i i 


' ' ■ ' } ' ' ' » 1 i * i ♦ ' i i i ■ L 



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

HOLDING TIME (h) • 



18 

BNSDOCID: <EP 0890661 Al_l_> 



EP 0 890 661 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 2284 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 


X 


WO 96 21934 A (THE UNIVERSITY OF CHICAGO) 
18 July 1996 

* page 9, line 4 - line 24; claims 
1,3,6,7,10 * 


1,7,13 


C30B9/00 

C30B11/00 

C30B29/22 


A 


US 5 611 854 A (VEAL ET AL.) 18 March 1997 
* claim 1 * 


1,7,13 




A 


EP 0 486 698 A (NIPPON STEEL CORPORATION) 
27 May 1992 ! 
* page 5, line 25 - line 33 * 


1,7,13 




A 


SAWANO ET AL.: "High Magnetic Flux 
Trapping by Melt-Grown YBaCuO 
superconductors" 

JAPANESE JOURNAL OF APPLIED PHYSICS., 
vol. 30, no. 7a, July 1991, pages 
11157-11159, XP000223284 
TOKYO JP 

* page LI 157, right-hand column * 

OGAWA ET AL.: "Preparation of YBCO bulk 
superconductor by platinum doped melt 
growth method" 

SUPERCONDUCTOR SCIENCE AND TECHNOLOGY., 
vol. 5, no. Is, January 1992, pages 
S89-92, XP000247989 
BRISTOL GB 

* page S89 * 


1,7,13 




A 


1 


TECHNICAL FIELDS 
SEARCHED <lm\CI.6> 




C30B 


A,D 


PATENT ABSTRACTS OF JAPAN 

vol. 96, no. 9, 30 September 1996 

& JP 08 133726 A (NIPPON STEEL CORP.), 

28 May 1996 

* abstract * 

-/— 


1,6,7, 
12,13,18 




The present search report has been drawn up for all claims 







CD 

m 

CO 
H 



eg 

f 

Tl 

o 
o 

< 



Place of search 

THE HAGUE 



Dale ot completion of the search 

22 October 1998 



Cook, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document ot the same category 
A : technological background 
O : non-written disclosure 
P ; intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BEST AVAILABLE COPY 



19 



BNSDOCID: <EP_ 



_0890661A1J_> 



EP 0 890 661 A1 




J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 2284 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CI.6) 



A,D 



TAKAGI ET AL: "Preparation of melt 
textured NdBa2Cu30y bulk with Nd4Ba2Cu2010 
bulk with Nd4Ba2Cu2010" 
PHYSICA C, 

vol. 250, 1995, pages 222-226, XP004065785 
AMSTERDAM NL 



TECHNICAL FIELDS 
SEARCHED <tnt.Cl.6) 



The present search report has been drawn up for ail claims 



I 



Place of search 

THE HAGUE 



Date of completion of the search 

22 October 1998 



Examiner 

Cook, S 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant it combined with another 

document of the same category 
A : technological background 
O : non-wntten disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



20 



